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SURGICALLY IMPLANTABLE PROSTHETIC DEVICES 

Introduction 

The success of prosthetic devices surgically implanted in living bone dq)ends 
entirely on achieving an enduring bond betweoi (he confronting surfaces of the 
5 device and the host bone. A surgical procedure for prqsaring living bone to receive 
a surgically implanted prosthetic device has been known for twenty years or more, 
but considerable controvmy remains concerning the ideal prop^es of the surface of 
the implanted device which confronts the host bone. This invmtion relates to 
processes for improving those surfaces of the prosthetic devices and to devices having 
10 the improved surfaces, so as to enhance the quality and durability of bonding betwe^ 
the prosthetic devices and the host bone. 
BACKGROIJND 

It is known through clinical experience extending over several decades that 
titanium and its dilute alloys have requisite biocompatibility with living bone to be 

15 accq)table materials for use in making surgically implantable prosthetic devices when 
the site of installation is properly prepared to receive them. There is, however, less 
certainty about the ideal physical prop^es of the surfaces of the prosthetic devices 
which confront the host bone. 

Accordingly, at the present time, owing to its predictable success, the 

20 endosseous dental implant fixture made of titanium is die artificial root most 
frequently chosen for restoring dentition to edentulous patimts. However, that 
success dq)ends in part on the micromorphologic nature of the surface of the implant 
fixture which comes in contact with the host bone. The response of cdls and tissues 
at implant interfaces can be affected by surface topography or geometry on a 

25 macroscopic basis as well as by surface morphology or roughness on a microscopic 
basis. 

Because there is no standard for surface micromorphology of dental implants, 
the surfaces of commercial implants have a wide range of available textures. Up to 
now, it is known that osseointegration of dental implants is dq>endent, in part, on the 
30 attachment and spreading of osteoblast-like cells on the implant surface, and it 
appears that such cells will attach more readily to rough surfaces than to smoodi 
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surfaces, but an optimum surface has yet to be defined. Buser, D. et al "Influence of 
sur&ce characteristics on bone integration of titanium implants. A histomoiphometric 
study in miniature pigs" Journal of Biomedical Materials Research, VoL 25, 889- 
902(1992). 

5 It has been suggested by some tiiat tiie ideal surface will have pits that have 

very small dimensions in the nanometer range, and by others that bone growth into a 
porous surface coat of Ti6AIV4 alloy with pore size between SO and ISO micrometers 
is an efficient and rapid means of bonding endosseous dental implants in humans. 
Buser et al (Ibid) clearly showed that the extent of bone/implant interface is positively 

10 correlated witii increasing roughness of die implant surface. 

Mention of implant topography, or texture, occurs frequenfly in flie literature 
and patmts relating to tiiis subject; for example, U.S. Patent No. 4,180,910 issued to 
F. Straumann et al, January 1, 1980, at column 2, Unes 59 to 67 describes a dental 
implant member made of titanium provided with a coating of titanium granules 

IS applied to it by flame spraying, producing a rough surface "comprising pores, most 
of which have a diameter of 1 to lOum, although still smalls pores are also present". 
Similar results are reported in a published article emanating from the Univ^sity of 
Bern (Switzerland), Clinic for Dental Maintenance (Schweizerische Monatschrift fiir 
Zahnheilkunde, VoL 86, No. 7, July 1976, pp. 713-727). U.S. patent No. 3,855,638 

20 issued to Robert M. Pilliar December 24, 1974 discloses a surgical piostiietic device 
made of a body of a selected material and having on its surface a layer of particles of 
the same material forming a porous coat of the particles. It has been suggested, e.g: 
PCX application No. SE91/00672, International PubUcation No. W092/0574S and 
date April 16, 1992, to blast the surface of implants of titanium or an alloy of 

25 titanium with particles of a titanium oxide. 

Prior-known processes for achieving biocompatible surfaces on surgically 
implantable prosthetic devices have taken many forms, classifiable primarily as: 

1 - processes which add sometiiing to tiie surface; and 

2 - processes which take sometiiing away from the surface. 

30 Among the first class are coating, cladding and plating processes, which include, as 
examples, tiie processes described in the above-mmtioned patents to Straumann et al, 
and to Pilliar, and processes which coat a body with bone-oompatible apatite 
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mateials, such as hydroxyapatite or whitlockite. The latter has spawned a vast 
literature which includes U.S. Patent No. 4,818,559 issued to Kama et al. April 4, 
1989. Among the second class are acid etching, ion etdiing, chemical milling, laser 
etching and spark erosion. Sometimes processes of both classes are combmed, as in 
5 the Hama et. al. patent. 

It is well understood that the chemical properties of the surfapes of surgically 
implantable prosthetic devices should as much as possible exclude impurities which 
could lessen the biocompatibility of the devices. See, Ibid, PiUiar and PCX 
publication No. WO92/05745. Thus, for example, traces of elements of the tools 

10 used to turn titanium in a lathe may become embedded in the surface of a device, 
contaminating the device notwithstanding that the starting piece of titanium may have 
been "pure" to the gov^ning specification of biocompatibility. 

It has been suggested that the type of roughness produced on a chemically 
pure titanium surface does affect initial biological responses such as cellular 

15 attachment and spreading. An irregular rough sur&ce produced by sand blasting 
spears to be more conducive to cellular attachment than other rough surfaces 
produced by polishing/grinding or acid etching. (Int. J Oral Maxillofacial Implants 
1992;7: 302-310) 

P. Ducheyne et al, "The Effect of Hydroxyapatite Impregnation on Skeletal 
20 Bonding of Porous Coated Implants" J. Biomed. Mater. Res. 14,225-237 (1980) 
describe a cylindrical plug of stainless steel coated with a porous metal fiber of the 
same material, with the individual fibers lined with hydroxyapatite, for increasing the 
rate of bone in growth when implanted in the femur of living dogs. 

S.D.Cook et al, "Torsional Stability of HA Coated and Grit-Blasted Titanium 
25 Dental Implants" J. Oral Implantal. 18(4)pp 354-65 (1992), in a comparative study in 
dogs, showed superior interface torsional strength for the HA-coated implants, with 
interface failure seen to occur primarily at the HA/implant inter&ce. 

The present invention is not based essmtially on addition to or taking away 
from the surface of the prosthetic device. While it may fit incidratally into the 
30 second class, and in some embodiments it may appropriate properties of the first 
class, it is prinudly concerned with reforming the sur&ce without necessarily 
removing any material from it or adding any matKial to it. The invration 
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accordingly addresses new and greatly improved processes for achieving a 
biocompatible surface on surgically-implantable devices wherein the existing surface 
is selectively and controUably manipulated to form a new prescribed surface 
topography or texture. 
5 General Nature of the Invention 

It is a general object of the present invention to produce an improved 
surgically implantable prosthetic device having on its surface a prescribed 
micromorphology; another object is to produce such a device having on its surface a 
controllably-prescribed distribution of indentations in the form of pits, dents, 
10 scratches and/or craters with dimensions in a controllably-prescribed range. 

It is an additional object of the invwition to produce an improved surgically 
implantable device of the type described without contaminating the surface of the 
device. 

A further object of the invention is to teach a process or processes for making 

IS the improved device. 

According to the invention in one of its more general aspects the surface of a 
surgically implantable prosthetic device is impacted with particles of a material which 
is related to the material of the device and preferably harder, e.g: an alloy of that 
material, in order to form the desired micromorphology without risk of contaminating 

20 that surface. For example, a titanium body is impacted with a titanium grit which is 
not required to remain on the surface. The relative hardness, the quantities, sizes 
and shapes, of the grit particles, and the impact-velocity of the particles and the 
direction of their impact, are each selected and controlled with a view to the size, 
shape, character and distribution of the surface depressions or indentations intended 

25 to be formed. Thus, the invention envisions controllably forming surface depressions 
that are round or elongated (e.g: oval) in shape, that have smooth or sharp-edges 
contours, that are simple dents or scratches in the surface, or that are crat^-Uke with 
a berm surrounding or partly surrounding the depression. The particles in the grit 
preferably have greater hardness than the body of the device. For example, if the 

30 device is made of pure titanium the grit particles may be of a dilute alloy that is 

hardw. The grit may be carried in a fluid in which the concentration of the i»rticles 
may be controlled and the particles may be directed in a stream to adiieve a desired 
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distribution and array-pattern of indentations or depressions on the surface of the 
device. 

Hie grit may include particles of a bone-compatible apatite material, such as 
hydroxyapatite or whitlockite, some of whidi are ddiberately embedded in the 
S surface of the titanium body by the process of the invention. In a particular 
embodiment of the invention, the grit may be predominantly or even entirely 
composed of the apatite material. Such embodiments, unlike prior devices coated with 
the known coatings, resist separation of the apatite material from the titanium body 
when the prosthetic device is put into use. 

10 Processes for making the invention include steps for forming, selectively, each 

form of depression in the surface of the device, under controllable conditions. Such 
steps include, as one example, prqiaring a fluidized bed of grit particles in which the 
hardness, shs^s, sizes, compositions and concentrations of the particles can be 
predsely controlled and directing a stream of the fluid bearing the particles under 

IS controlled vdodty and direction toward the sur&ce of the device. In another 

embodiment the process includes the steps of providing the grit particles in a whirling 
cyclonic fluid and locating the device in the whirling fluid while slowly turning it to 
expose its sur&ce to impact by the particles. The carrier fluid may be a gas or a 
liquid. The particles may be propelled without a carrier. Heat is not necessary to the 

20 process. 

The invention has the ability to provide surface treatments for surgically 
implantable prosthetic devices which can be tailored to the advances in clinical 
knowledge which are occurring and will continue to occur in the future. It has the 
further ability to provide a prescribed surfeice micromorphology for clinical research 
25 and investigation designed to elucidate paths leading to such advances; thus, the 
invention has as a further and very important object the advancement of progress in 
the design of surgically implantable prosthetic devices. 

That titanium particles may have surface layers of naturally-forming oxides of 
titanium, to a thickness of perhsqis 80 Angstrom units, is not material to the 
30 invmtion. The invention does not require the presence of any oxide(s), and is fully 
functional without them. 

Implant devices with surfaces selectively prq)ared according to the present 
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invention may be subjected to an additional process according to U.S. Patrat No. 
5,188,800, owned by the Assignee if the present application, so as to increase 
wettability of the surface. That additional process involves placing the implant in a 
plasma cleaning device, therein subjecting the implant to a flow of substantially pure 
5 gas (e.g: an inert gas selected from Krypton, Argon, and mixtures thereof; or 

oxygen), continually removing gas from the plasma cleaning device so as to maintain 
a vacuum tiierein in tiie range about 20 to about 5,000 microns, and continuing tiie 
flow and tiie vacuum for a period of time to clean and sterilize tiie implant and until 
tiie surface develops a surface contact angle of about 20 degrees or less, preferably 
10 about 10 degrees or less, and more preferably about 5 degrees or less. The 
disclosure of said patrat No. 5,188,800 is incorporated herein by reference. 
Description of Exemplary Embodiments of the Invention 

The invention will be more fiilly explained in tiie following description of 
exemplary embodiments witii flie aid of tiie accompanying drawings, in whidi: 
15 FIG. 1 schematically illustrates a surface modified to have a depression 

surrounded by a berm; 

FIG. 2 shows a means to modify a surface wifli a projectile aimed to impact 
the surface normally; 

FIG. 3 schematically illustrates a surface modified to have a depression 
20 witiiout a berm; 

FIG. 4B is a top view schematically illustrating a surface modified to have a 
non-symmetrical dq}ression partly surrounded by a non-symmetrical berm; 
FIG. 4A is a section on line X-X of FIG. 4B; 

FIG. 5 shows a means to modify a surface witii a projectile aimed to impact 
25 the surface obliquely; 

FIG. 6 shows a scheme for impacting a surface witii a stream of projectiles 
aimed to impact the surface substantially normally; 

FIG. 6A schematically shows a partial plan view of FIG. 6; 
FIG, 7 shows a scheme for impacting a surface witii a stream of pixqectiles 
30 aimed to impact the surface obliquely; 

FIG. 8 shows a scheme for imjacting a surface in a cloud of projectiles 
genmted in a fluidized bed; and 
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FIGS. 9A and 9B are photocopies of two photographs showing a dental 
implant surface • modified according to the invention. 

In FIGS. 1 and 2 a s^ment of an article 10, which article may be a dental 
implant fixture, has an outer surface 12 which has been modified (FIG. 1) to have a 
5 dq)ression 14 surrounded by a berm 16. The dq)ression has substantially round 
perimeter and the berm is substantially symmetrical around that perimeter. This 
dq>ression may be formed by impacting the surface 12 with a projectile 18 aimed to 
hit the surface normally, as is represented by the arrow 20 in FIG. 2. Depending on 
the velocity of the projectile on impact the depression may have the berm 12, or it 
10 may be without a berm as is illustrated in FIG. 3. The mass of the projectile, its 
hardness, its velocity on impact, its surface characteristics and its shape will all 
combine to determine the characteristics of the depression, such as it shape and 
depth. 

FIGS. 4 and S shows a non-symmetrical depression 24 (FIG. 4) in the surfece 

IS 12, formed by impacting the surface with the projectile 18 aimed to impact the 
surface at an oblique angle as is iq)resaited by the arrow 26 in FIG. 5, The 
dqjression may have a non-symmetrical bran 28, or not, depmding on the above- 
mentioned properties of the projectile. 

A stream 29 of projectiles 18 may be aimed to impact the surface 32 of a 

20 cylindrical body 30 substantially normally using the scheme shown in FIG. 6. A 
mask 34 fitted with a slot 36 is placed adjacent the surface 32 in the path of the 
stream of projectiles, so that those projectiles which pass through the slot will impact 
the surface 32 substantially normally. The slot 36 has a length at least as great as the 
axial length of the body 30, as is represented in FIG. 6A, so that projectiles 18 may 

25 impact the surface 32 along its witire length. Hie body 30 may be rotated on its axis 
A, counterclockwise as rq)resented by the curved arrow B, or vice versa, to expose 
the entire surface 32 to projectiles 18. The number of depressions formed on the 
surface 32 will depend primarily on the denaty of projectiles in the stream and the 
speed of rotation of the body. 

30 The stream of projectiles may be aimed obliquely, or tangratially, at the 

surface 32 using the scheme shown in FIG. 7. The character of the pits formed in 
this maraiCT will depend, additionally, on the direction of rotation of ttie body 30. 
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In FIG. 8 a fluidized bed 40 provides a cloud of particles 18 in the confined 
space 42 above the bed. Sev^ articles (e.g: dental implants) 30 are in that space, 
each mounted to a support 44 for rotation around its longitudinal axis A-A. The 
density of this cloud and the velocity of individual particles in it are established as 
S desired to effect the required modification of the surfaces of the articles 30. By this 
means a uniform pattern of depressions may be produced on the surface of each 
article. 

In another scheme, the implant is located in a whirling cyclonic stream of 
particles 18 (not shown), where it may be rotated to expose its entire surface to 

10 oncoming particles. In this scheme, as in the others described and illustrated herein, 
prolonged exposure of the implant surface will result in an overlapping mass of 
irregularities to the point of destroying features of individual impressions, dents, 
scratches and the like. 

To add a bone-growtii promoting agent to a sur&ce tiiat has been modified 

IS according to the invmtion one may substitute particles of that agent for some or all of 
the surface-modifying projectiles 18 in any of tiie above-described processes and 
apparatus. Thus, for example, one may add particles of hydroxy-2q)atite, whidockite 
or anotiier agent, such as a carrier for a medicament (e.g: a bone morphogenic 
protein),to the particles 18 of titanium or its alloy, or substitute same aft^ tiie 

20 implant surface has been modified, and continue the process to place particles of the 
bone-growth promoting agMt in tiie depressions formed on tiiat surface. If the 
implant surface has non-symmetrical depressions 24 or tiie like, as illustrated in 
FIGS. 4 A and 4B, for example, tiie bone-growOi promoting agent can be projected 
into tfiose depressions while tiie implant 30 is being rotated clockwise, for example, 

25 as seen in FIG. 7. If, further, tiie implant is designed to be screwed into tiie 

patient's bone socket with a clockwise rotation, small chips of bone will be gatiieied 
into tiie depressions, and be packed tiierein on top of the growth-promoting agent. 
The invention envisions such an embodiment of tiie invoition, which will inherratiy 
resist sqjaration of tiie growtii-promoting agent from tiie implant surface 12, tfierd)y 

30 overcoming a problem which is indigenous to the prior art. 

The shape of tiie particles 18 etc may be controlled witfi tiie aid of fluidized 
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bed apparatus of the kind illustrated in FIG. 8. If initiafly particles in the cloud aie 
rough-shaped with sharp edges, comers and the lite, one may maintain the cloud for 
an extended time interval during which the particles in the cloud will impact each 
other smoothing away the sharp comers and edges. Particles which are substantially 
5 round may be produced in this way, in order to form substantially round depressions 
on the surfaces of the articles 30. If the article 30 is made of c.p.titanium and it is 
desired to use projectiles which are hardw than the article 30, the projectiles may be 
made of the alloy TiA16V4. 

The apparatus and processes illustrated in the drawings are exemplary. Other 
10 methods and means to impact particles on a surface, which may be used in practidng 
the present invention, are mentioned in the above-references PCT Application, for 
example. 

An example of a dental implant sur&ce modified according to the invmtion is 
shown in FIGS. 9A and 9B. HG. 9A is a 50x photographic enlargement of a portion 

15 of a screw-^ dratal implant only part of the surface of which has been modified. 
The unmodified part 102 is the threaded surface produced by machine turning of a 
billet of titanium. The modified part 104 was impacted with a Ti6AlV4 grit (-325 
mesh) sprayed at 90 degrees substantially normal to the surface at pressure = 70PSI 
^indicated on the photograph) for approximately 3-5 minutes while the implant was 

20 rotated at an angular ^peed of about 10 seconds per revolution. The array of dots at 
the lower right of FIG. 9A measures 0.60mm in the axial direction of the implant. 
FIG. 9B is a further enlarged view looking along the modified surface 104. As is 
apparrat in these figures the implant procedure was continued long ©lough to 
substantially obliterate features of individual depressions, dents, scratches and the 

25 like, so as to produce an intense, substantially uniform roughness of the bone- 
contacting surface of the implant. It has been observed that individual depressions 
and dents, will have transverse dimensions (e.g: diameters) about half the size of the 
impacting grit particles. Thus, a grit of -325 mesh, having particles in the size range 
from about 10-15 microns, will generally produce dq)ressions about 5-10 microns 

30 across at the surface of the implant. 
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VVHATICLAIM IS: 



1. Method for enhancing biological responses to a device that is surgically 
implantable in living bone comprising the stq)s of providing an implantable body of a 
biocompatible material having a surface for interfacing with said bone, and impacting 
said surface with a grit made essoitially of particles of substantially 

the same material so as to reform said surface to a prescribed 
micromorphology. 

2. Method according to claim 1 carried out without substantially adding 
material to or removing material from said body. 

3. Method according to claim 1 in which said grit includes particles of a 
bone-growth-enhancing material. 

4. Method according to claim 3 in which said grit includes a carrier for a 
medicament including without limitation a bone morphogenic protdn.. 

5. Method according to claim 1 in which said body is made of a material 
selected from titanium and its dilute alloys, and said grit is made of a material 
selected from titanium and its dilute alloys. 

6. Method according to claim S in which said body is made of chemically- 
pure titanium and said grit is made of 'I1A16V4. 

7. Method according to claim 1 in which said grit is selected to consist 
primarily of particles in the size range from 10 to IS microns, (-325 mesh). 

8. Method according to claim 1 including the st^s of dispersing said 
particles of said grit in a fluid and moving said fluid to carry said grit to said surface. 

9. Method according to claim 8 including the step of moving said fluid with a 
pressure in the range from 60 to 80 psi. 

10. Method according to claim 1 including the step of treating said reformed 
surface to have a surface contact angle of about 20 degrees or less. 

11. Method according to claim 1 in whidi said grit is selected to consist 
primarily of particles which are substantially devoid of sharp points or edges. 

12. Method according to claim 1 in which said grit is selected to consist 
primarily of particles which have substantially sharp topographical features selected 
from edges and points. 
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13. Method according to claim 1 carried out substantially in the absence of 
oxygen. 

14. Method according to claim 1 including the stq) directing said particles at 
a prescribed angle to said surface. 

15. Method according to claim 14 including the stq) of choosing said angle to 
be in a range from about normal to said surface to about tangent to said surface. 

16. Method according to claim 15 including the step of choosing said angle to 
be in the range toward normal to said surface so as to form predominantly 
substantially round depressions in said surface. 

17. Method according to claim 16 including the step of choosing a density of 
said particles in a range that will form predominantly discrete depressions in said 
surface. 

18. Method according to claim 16 including the step of choosing a velocity of 
said particles that will form predominantly discrete craters in said surface. 

19. Method according to claim IS including the step of choosing said angle to 
be in the range toward tangent to said surface so as to form predominantly 
substantially elongated depressions in said surface. 

20. Method according to claim 1 including the steps of choosing a range of 
particle velocity and a range of particle dmsity that will form in said surface a 
variety of irregularities substantially overlapping each other. 

21. Method according to claim 1 including the steps of directing said 
particles into a cyclonic path and locating said implantable body in said path. 

22. Method according to claim 21 including the step of rotating said body in 
said path so as to expose said surfiace substantially entirdy to impaction by said 
particles. 

23. Method according to claim 1 including the step of providing an aperture 
mask over said surface for restricting the angle of incidrace of said particles on said 
surface to a prescribed range within the limits of predominandy normal to 
predominantly tangential. 

24. Metiiod according to claim 3 which includes the step of embedding in 
said sur&ce some of said particles of a bone-growth-^ihandng material. 
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25. Method according to claim 1 including the steps of providing a fluidized 
cloud of said particles and locating said device in said cloud. 

26. Method according to claim 25 including the step of rotating said device in 
said cloud. 

27. A prosthetic device surgically implantable in living bone, said device 
having a surface of a biocompatible material for confronting said bone, said surface 
being formed by impaction with a similar material to a prescribed pattern of 
irregularities selected from among dq>ressions, scratches and dents of prescribed 
sizes and configurations. 

28. A prosthetic device according to claim 27 in which said irregularities 
substantially overlap each other. 

29. A prosthetic device according to claim 27 including particles of a second 
biocompatible material substantially fixed in said irrpgularities. 

30. A prosthetic device according to claim 27 in which each of said materials 
is sdected from titanium and its dilute alloys. 

31. A prosthetic device according to claim 27 in which said first material is 
sdected from titanium and its dilute alloys and said second material includes particles 
sdected from a bone-compatible apatite and a carrier of a medicament including 
without limitation a bone morphogenic protein. 

32. A prosthetic device according to claim 27 in which at least some of said 
depressions have peripheral berms. 

33. A prosthetic device according to claim 27 in which substantially all of 
said irregularities are dents. 

34. A prosthetic device according to claim 33 in which at least some of said 
dents have peripheral berms. 

35. A prosthetic device according to claim 27 in which said irregularities are 
formed by ball-like particles of substantially the same material impacting said surface 
at a prescribed angle ranging from substantially perpendicular to said surface to 
substantially tangent to said surface. 

,36. A prosthetic device according to claim 35 in which said ball-like particles 
are harder than said biocompatible material. 
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37. A substantially cylindrical dental implant having on its surface 
dqxressions elongated in the circumferential direction with their qpmings oriented 
forward toward the direction in which the implant is turned to install it in a receiving 
bore in a patient's jawbone, for receiving into said depressions diips of said bone 
when said implant is turned in said bore. 

38. An implant according to claim 37 including bone-growth-enhancing 
material in at least some of said dqpressions, positioned to be retained in said 
depressions by said chips when the latter are received therein. 

39. An implant according to claim 37 in which at least some of said 
dq)ressions have berms partially surrounding the rearward boundaries of said 
openings. 

40. An implant according to claim 38 in which said bone-growth-enhancing 
material is selected from among hydroxyapatite materials, whitlockite materials, and 
medicaments including without limitation bone morphogenic protein. 

41. An implant according to claim 37 in which the smaller dimmsions of said 
openings range in size from about S microns to about 10 microns. 

42. An implant according to claim 37 having a surface contact angle of about 
20 degrees or less. 

43. A prosthetic device according to claim 27 having a surface contact angle 
of about 20 degrees or less. 

44. Method according to claim 1 comprising the further step of contacting 
said surfEU» with one or more other materials for enhancing osseointegration sdected 
from among apatite mat^ials, carriers for medicaments and bone morphogenic 
proteins. 

45. Method according to claim 44 in which said further step comprises 
impacting said surface with particles of at least one of said materials. 

46. Method according to claim 45 in which said particles are selected to be a 
carrier for a. medicament. 

47. Method according to claim 45 in which said particles are selected to be a 
carrier for a bone morphogenic protein. 

48. Method according to claim 45 in which said particles are selected to be of 
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hydroxyapadte or whidockite. 

49. Method for enhancing mechanical retmtion of a device diat is sui:gically 
implantable in living bone comprising the steps of providing an implantable body of a 
biocompatible material having a surface for interfacing widi said bone, impacting said 
surface with essentially a material capable of reforming said surface, and controlling 
said impacting so as to reform said surface to a prescribed nucromoiphology. 

50. Method according to claim 49 in which said material is selected to 
include one or more of 

a- substantially the same material as said body 
b- a bone-growth-enhancing material 
c- a carrier for a medicament 
d- hydroxyapadte 
e- whidockite 

f- a bone morphogenic protein 

g- a grit of any one or more of the foregoing. 

51. Method accordmg to claim 50 including the stq>s of impacting said 
surface widi first one and Oien another of said materials, smatim. 

52. Method according to claim 50 including the steps of impacting said 
surface with a grit of first one and thm another of said materials, seriatim. 

53. Method according to claim 50 including the stq>s of impacting said 
surface widi a grit of substantially the same material as said body, followed by 
impacting said surface witii a grit of a bone-growth-enhancing material. 

54. Method according to claim 50 including the steps of impacting said 
surface with a grit of substantially the same material as said body, followed by 
impacting said surface with a grit of a material selected from hydroxyapadte and 
whidockite. 

55. Method according to claim 50 including the steps of impacting said 
surface widi a grit of substantially die same material as said body, followed by 
treating said surface with a carrier for a medicament. 

56. Mediod according to claim 50 including die steps of impacting said 
sur^ widi a grit of substantially die same material as said body, followed by 
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treating said surface with a bone-morphogenic protein. 

57. Mediod according to claim 50 including the steps of impacting said 
surface with a grit of substantially the same material as said body, followed by 
impacting said surface with a grit of a carrier for a medicament. 

58. Method according to claim 50 including the steps of impacting said 
surface with a grit of substantially the same material as said body, followed by 
impacting said surface with a grit of a carrier for a bone-morphogenic protein. 

59. Method according to claim 50 comprising the step of impacting said 
surface with a grit of hydroxyapatite. 

60. Method according to claim 59 including the further step of treating said 
surface with a bone-morphogenic protein. 

61. Method according to claim 59 including the furth^ stq> of impacting said 
sui£ace with a grit of a carrier for a bone-morphogenic protdn. 
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